There have been no reports on how the light-dark changes determine the locomotor activity of animals in the group of high reactivity (HR) and low reactivity (LR
INTRODUCTION
Rats (rodents) and opossums (marsupial mammals whose first appearance dates back 100-140 million years ago) are nocturnal animals and the bulk of their activity takes place at night. In the course of evolution, animals developed many adaptations to nocturnal life, such as the acute sense of smell or the ability to dig underground burrows and tunnels to shelter during the day [5, [27] [28] [29] . These adaptations were probably a result of moving into new ecological niches to avoid predators.
Besides the anatomical differences (absence of placenta or corpus callosum in the brain), the opossum shows a remarkably different behaviour when compared to other rodents. Opossums expressed a higher rate of locomotor activity, lower latency before exploration of the novel object and had a tendency for choosing a high-risk behavioural strategy as opposed to rats. In general, opossums preferentially use the high-risk exploration strategy while rats mostly rely on defensive behaviour [2, 7, 12, 13, 17] .
Study done on rodents (such as rats) and opossums showed similar behavioural reactions and enabled us to divide the studied animals into 2 different phenotypic groups, representing 2 opposite behavioural strategies -high reactivity (HR) and low reactivity (LR) group. Animals referred to as highly reactive are characterised by a much higher loco-motor activity in comparison to animals with lower activity. Rats from the HR group, along with a higher locomotor activity in a new environment, also have lower levels of anxiety and an increased vulnerability to addiction, as opposed to the rats from LR group [3, 10, 11, [14] [15] [16] . In the opossum, the level of locomotor activity in a new habitat may reflect the level of general arousal [9, 13] .
It is known that for the nocturnal animals light is a factor that influences locomotor activity and can be an aversive stimulus that provokes anxiety-like behaviour [8, 18, 19] , especially in albino animals like Wistar rats [1, 20] .
There have been no reports on how the light-dark changes determine the locomotor activity of animals in the group of HR and LR. In the present study we compared selected parameters of locomotor activity of the HR and the LR groups of the laboratory opossums and Wistar rats during consecutive, light and dark phases in the open field test, which represents a situation in which the animals can engage in active exploration of a novelty [6] .
MATERIALS AND METHODS
Sixty male Wistar adult rats, at an average weight of 350 g each and 24 adult Monodelphis opossums of both sexes at an average weight of 120 g each were used. Having in mind spontaneous locomotor activity, the focus of our study was differentiating the animals into 2 opposite groups -HR and LR. Both, opossums and rats were placed into a special experimental box where we registered the chosen parameters of movement activity. The box was constructed of white plastic with the floor dimensions of 50 × 50 cm and a wall height of 50 cm. Above the box, an infrared camera was placed, which registered the entire study. Beneath the floor, an array of infrared light-emitting diodes was placed. They were invisible to the animals, but enabled us to register the animal movements in the darkness. The camera was connected to the computer equipped with a program used for behavioural analysis called VideoTrack ver. 2.0 (Vievpoint France). We registered the animals' action for 2 h daily between the hours of 17:30 and 19:30, in line with the natural light-dark cycle in such a manner, that the first hour was the last hour of a daytime. After an hour, the light was turned off and the locomotor activity was registered in the dark. The experiments were carried out in such a way that they were synchronised with the animals' circadian rhythm. During the study the following parameters of spontaneous locomotor activity were recorded: (1) the total distance travelled by an animal (in cm); (2) per cent of time the animal spent on the locomotor activity; the speed of movement, classified as slow (3.0 to 6.3 cm/s) and rapid movements (speed faster than 6.3 cm/s).
As a basis of our study and for the differentiation of animals into HR and LR groups, we used the sum of the total distance travelled during 2 h of observation measured in centimetres separately for the light and the dark conditions. From the material that was studied, 8 subjects of the HR and LR rats and, in analogy, 8 subjects of the HR and LR opossums were subjected to statistical analysis, thus evaluating the selected parameters of locomotor activity in intervals of 30 min. Statistical analysis was performed using the ANOVA F test, or (in the circumstances where the ANOVA could not be used), the Kruskal-Wallis test was used. In the occasions where significant statistical variations were observed between the groups, post hoc tests were used (for the F test the Tukey and for Kruskal-Wallis the Dunn test). In all calculations, a level of significance was set at p = 0.05.
RESULTS

LR rats
The statistical analysis showed that in the LR group of rats the total distance travelled by one animal (512.6 ± 93.1 cm) and the percentage of its activity in relation to the entire time of an experiment (4.4 ± 0.8) was significantly higher in the first phase of the recording (0-30 min light conditions), than the distance travelled by an animal in the time between 30 and 60 min (54.9 ± 26.1 cm; light conditions). The other compared factors were not statistically significantly different (Fig. 1) .
HR rats
The parameters of locomotor activity in the HR group of rats were as follows: the total distance travelled by one animal in the first phase of the recording was statistically significantly higher (3221.5 ± 135.1 cm) in comparison to the distance travelled in the time 30-60 min (1941.6 ± 170.9 cm; light conditions), and 90-120 min (1892.4 ± 157.9 cm; dark conditions) of the observation.
Furthermore, the total distance travelled by the HR rats in the time window 60-90 min (3191.7 ± ± 371.9 cm; dark conditions) was higher than in the tion. Furthermore, the percentage of activity recorded in the time 60-90 min (35.1 ± 3.5; dark conditions) was significantly higher than in the time 30-60 min (25.1 ± 1.9; light conditions) and 90-120 min (24.7 ± ± 1.9; dark conditions) of the experiment (Fig. 1) .
LR opossum
In the LR group of opossums there have not been any statistically significant differences in all of the considered parameters of motor activity (the total distance travelled by each animal and the percentage of activity in comparison to the entire time of observation) during a different time phase of the recording (Fig. 1) . time 30-60 min (1941.6 ± 170.9 cm; light conditions) and 90-120 min (1892.4 ± 157.9 cm; dark conditions). The other factors compared were not statistically significantly different.
An analogical scheme of changes was observed in case of differences in the percentage of animal activity. In the HR group, the percentage of activity in relation to the entire time of observation was statistically significantly higher in the first phase of the recording 0-30 min (34.7 ± 1.4; light conditions), in comparison to the time between 30 and 60 min (25.1 ± ± 1.9; light conditions) and the time between 90 and 120 min (24.7 ± 1.9; dark conditions) of the observa- Figure 1 . Locomotory activity of the opossums and rats; A. Total distance travelled during the 2-hour session by different group of animals -high reactivity (HR) and low reactivity (LR) (mean ± SEM); B. Per cent of time the animal spent on the locomotor activity (mean ± SEM); **p < 0.05.
HR opossum
In the HR group of opossums there have not been any statistically significant differences in the percentage of activity between different times of the recording. On the other hand, the statistical analysis showed that the whole distance travelled by an HR opossum in the time between 60 and 90 min (6808.8 ± 1064 cm; dark conditions) of the recording was statistically higher in comparison to the distance travelled in time between 30 and 60 min (4056.4 384.2; light conditions) of the experiment (Fig. 1) .
The exemplary trajectories for particular groups of animals are shown on Figure 2 . 
DISCUSSION
Firstly, our results showed that a change of the experimental conditions from light to dark increased the locomotor activity of rats as well as opossums from the HR group, but did not alter the locomotor activity of animals from the LR group. As already described by Piazza et al. [15] and Kabbaj et al. [10, 11] , a much more driven exploratory behaviour was the one characterised by rodents included in the HR group, which (despite the typical rat passive--defensive strategy) displayed mainly curiosity and preferred a more active behaviour [10, 11] . Many authors showed that rats belong to nocturnal animals and such epigenetic factors as light and dark conditions have influenced their level of locomotor activity [4, 21, 22] . Our results showed that the light and dark conditions have a significant effect on locomotor activity in rats of the HR group. Turning off the lights during the observation created more favourable conditions for the active exploration for HR rats and resulted in the increase of the studied parameters of their locomotor activity. Contrary to that, in the LR group of rats, turning off the lights did not significantly change the studied parameters. The exposition of the LR rats to the new, unfriendly, brightly illuminated environment, makes them fear and much decreases their locomotor activity. An hour that elapsed from the beginning of the more friendly, dark phase, when the light was turned off, was too short period to reduce their level of anxiety. It is probable that our LR group of rats was still anxious in the open field exposure and needed much more time to start a more active exploratory behaviour. Similar findings were described in the opossum, where turning off the lights after registering the parameters resulted in an increase of locomotor activity in the HR group of animals, and they did not change significantly in the LR group. In the HR group, this can be explained by the fact that for these animals every external factor, including turning off the lights, is sufficiently strong of an incentive to encourage a more active exploration. While, for extremely less prone to exploration LR opossum, light/ /dark shift seems too weak stimulation to increase their locomotor activity. This is consistent with the observation that although opossums are the most active during the early hours of the evening, the light is not a limiting factor for their activity [25] .
Secondly, our studies showed that the locomotor activity of the HR rats in both, the light and dark conditions was characterised by a consistent pattern of change -higher activity in the first 30 min of the recording and a slowdown (habituation) in the next phase of the recording. The statistical analysis showed that in the light conditions in the HR group of rats the total distance travelled by one animal was significantly higher in the first 30 min of the recording than the distance travelled by the animal in the time 30-60 min. Furthermore, the total distance travelled by the HR rats in the first phase of the dark conditions (the time window 60-90 min) was higher than in the time 90-120 min. Many studies on exploratory behaviour showed that when an animal explores new surroundings, it exposes itself to harm as for example an attack of a predator, but on the other hand to a profit, an opportunity that the animal may find the shelter or food [25, 26, 27] . Therefore, within one species, intensity will vary depending on the exploratory behaviour, which is associated with the state of the organism's incentive. Węsierska et al. [26, 27] showed that rats use the low risk behavioural strategy and avoid unknown open spaces. In the new open field test, rats are characterised by a strong passive-defensive reaction, which manifests itself in careful behaviours, completely different than that presented by opossums [25] [26] [27] . Despite this, in the HR group of rats we observed an increase in active exploration over time. Our results can be explained by the phenomenon called 'habituation' [26, 27] . Habituation is the reflection of a memory formed under the influence of various stimuli received during the exploration [23, 24, 26, 27] .
Thirdly, the locomotor activity of the opossum, during both light and dark conditions, was observed to be at a consistently high level compared to the rats. Regardless of the conditions in which the opossums' locomotor activity parameters were recorded, each phase of the opossums behaviour was characterised by high mobility and a variable pattern of exploratory transition from the periphery to the central part of the open field. These observations are consistent with previous reports [21, [25] [26] [27] and are closely linked to the biology of opossums, which lead a solitary and predatory lifestyle, and while hunting move fast into an open area. It can be assumed that within a natural biocenosis, such a behavioural strategy was beneficial for them and was recorded by evolution and natural selection. Also, because opossums are domesticated for a much shorter period than rats [25] , they could be influenced by our observations. In summary, our studies have shown that under the conditions of continually changing external factors (in this case, the light and dark) in a population as diverse of a species as the opossum and rat, we can distinguish the analogous group of animals characterised by an extremely different locomotor response.
CONCLUSIONS
1. A change of the experimental conditions from light to dark involves an increase in the locomotor activity in rats and opossums of the HR group, while there is no effect on the activity of the rats and opossums in the LR group. 2. Locomotor activity in the HR rats, both in the light and dark conditions, is characterised by a consistent pattern of change -higher activity in the first stage of the recording and a slowdown (habituation) in the second phase of the observation. 3. The locomotor activity of the opossum, during both light and dark conditions, was observed to be at a consistently high level compared to the rats.
